Introduction
Pigmented villonodular synovitis (PVNS) is a rare disease that can affect any joint, bursa or tendon sheath. It is characterised by a villous or nodular hyperplasia of the synovium. It was first described in 1852 by Chassaignac, 1 but it is to Jaffe that we owe the name of villonodular synovitis (1941). 2 It is defined by a proliferation of the synovial membrane which may affect the joints, testicles or tendons.
This lesion belongs to the tenosynovial giant-cell tumours group. Three categories are described: a localised form or nodular tenosynovitis, and two more forms including diffuse-type (extra-articular) giant-cell tumour and PVNS. The diffuse-type tenosynovial giant cell tumour can be either purely extra-articular, located in the soft tissues, or represent the extra-articular component of a PVNS. The histological aspects of these three tumours are relatively similar.
PVNS is rare, affecting 1.8 per million inhabitants. 3 In intra-articular forms, the large joints are the most affected: the knee (70%), hip (15%) and then the ankle, shoulder and elbow. PVNS in the hip mainly occurs between the second and third decade. The youngest reported case was of a seven-year-old, 4 and the oldest, 78 years. 5 There is no consensus in the literature regarding gender prevalence. The average time between the onset of the disease and the diagnosis can be lengthy, as has been reported by multiple authors. 6, 7 We will discuss PVNS by way of a literature review of the clinical, biological, etiological, histological and radiographic aspects of the disease, with emphasis on the possible surgical options in case of hip joint involvement.
There are few articles on PVNS of the hip which provide information and sufficient follow-up in the literature found in PubMed since its first mention in 1852. The series of Della Valle, 6 Flipo 7 and Vastel 8 involved several cases that identified important elements requiring attention, and established the fundamental principles of treatment and management.
Clinical features
Clinical presentation of PVNS is non-specific and its diagnosis therefore requires a high index of suspicion. Pain is its main symptom. 7 The pain progresses in intensity and duration with the evolution of the disease. Pain may be localised throughout the area of the hip, but the groin is still mentioned most frequently. The involvement is often mono-articular, 7 but rare cases of multi-joint forms may exist. 6 Other clinical signs have been described, such as chronic swelling which is usually painful, of intra-or extraarticular origin which can be associated with a limitation of joint mobility, causing joint stiffness. 7 The functional limitation appears later when the intracapsular space reduces secondarily to the synovial invasion. Tolerance to pain, the slowness of its development, the variation of the symptoms, the difficulty of palpation of the hip and the normal appearance of the radiographs at the early stage of the disease create a non-specific syndrome, which often causes a delay in the diagnosis. The average time between the onset of the disease and the diagnosis is four years. 6, 7 Based on the three major series, the mean age for the initiation of medical care is 36.5 years.
Biology
usually the biology is non-specific, without an inflammatory syndrome. 9 There are no associated coagulation disorders.
Aetiology
The aetiology of PVNS is poorly understood. Several aetiologies have been suggested, such as a trauma or neoplasia, a genetic predisposition or an anomaly of lipid metabolism.
A synovial proliferation due to a chronic inflammation secondary to haemarthrosis, or to chronic trauma was suspected. Experiments were undertaken to demonstrate this theory, including repeated autologous injections of blood into the joints of dogs over several months by young and Hudacek. 10 The concept of prior trauma is common (53% in Myers' series), 3 but exceptional (3%) in Flipo's report). 7 More recently, chromosomal anomalies including trisomy 5 and 7 or monoclonalities were reported in some cases of PVNS. 11 Furthermore, recurring translocations involving the colony-stimulating factor-1 (CFS1) gene have been described in PVNS, the most frequent being the t(1;2)(p13;q37) translocation, resulting in a COL6A3-CFS1 fusion transcript. An overexpression of CSF1 was observed in the neoplastic cells of PVNS, independently of the identification of a translocation t(1;2)(p13;q37) in the tumour. This overexpression is responsible for a recruitment of inflammatory cells, within the tumour, expressing the receptor in CSF. 12 These results open the way for targeted therapies. The hypothesis of a lipid metabolic disorder associated with an anomaly of the local lipid metabolism is a possible aetiology. 13,14
Histology
Tenosynovial giant-cell tumours can be divided into two categories, depending on their location (intra-and extraarticular) and their growth mode (diffuse and localised forms). These entities appear to present common pathogenic mechanisms, whilst differing in terms of clinical and biological behaviour. This group of lesions includes a localised form of giant-cell tumour of tendon sheath and PVNS, which is more diffuse and locally destructive. 15 The localised form of giant-cell tumour of the tendon sheath results in a well-defined nodule, including in particular the tenosynovial sheath of the hand. The diffuse form develops more readily in large joints. The extra-articular form of PVNS is rare. Because of their very similar histological appearances, a differential diagnosis between giant-cell tumour of the tendon sheaths and PVNS can be difficult on a biopsy. Integration with clinical and radiological data is then essential.
PVNS produces mostly infiltrative tumours, comprising different groups of diffuse cells of which the cell density is variable depending on the area. The localised form is well-defined, lobulated and surrounded by a fibrous capsule.
The tumour is composed of layers of round or polygonal mononuclear cells with pale cytoplasm and a nucleus that is sometimes kidney-shaped and notched, considered as representing the true tumour component. They mingle with osteoclast-like multi-nucleated giant cells and with xanthomatous histiocytes or pigments, the latter being more numerous in the localised form than in PVNS (Fig. 1) .
Foamy histiocytes tend to form clusters in the periphery of the nodules, and can be associated with cholesterolaemic clefts. Some tumours present with very few multi-nucleated giant cells, and are thus more difficult to diagnose. In principle, mitotic activity is observed in the mononuclear cell component, but without atypical mitoses. Necrosis is rarely present, and hyalinisation of the stroma is more abundant in the localised form. upon immunohistochemical examination, the mononuclear cells express clusterin and can be positive for the muscle marker desmin. The smaller mononuclear cells express the macrophage/histiocytic markers CD68 and CD163, as well as CD45. The multi-nucleated cells present an osteoclast-type expression profile, being positive for the CD68, CD45 and the tartrate-resistant acid phosphatase (TRAP) in particular. 15 
Imaging features
Radiology is important for diagnosis, treatment planning and monitoring. Radiograph images, CT and MRI are useful to achieve these objectives. Scintigraphy provides no useful information as the binding is diffuse and non-specific. 7 Plain film radiography remains the primary diagnostic examination. Radiographs are often normal at the early stage of the disease. At an advanced stage, the destructive nature of PVNS results in bone erosions with sharp edges, deficiencies or multiple and dispersed subchondral cysts 7 ( Fig. 2) .
We find these osteolytic alterations again in the femoral neck or the cup, more specifically along the axis of the joint capsule or near the fovea. 16 unlike in osteoarthritis, the lytic changes are not only secondary to a bone invasion of the outside of the weight-bearing area, but also due to intra-articular hyperpressure. The thick capsule that is physiologically present in the hip probably contributes to this invasion because it prevents any expansion of the joint space.
Two authors have proposed a radiological classification. The first, described in 1980 by Lequesne, 17 defines three stages:
• The initial stage has been described as 'evocative' of the disease, including large hip subchondral cysts with or without joint space narrowing.
• The second is named 'pseudo-coxitis', with a radiological appearance of localised narrowing of the joint space in the weight bearing segment, with deep ulcerations or erosions of the head and/or of the acetabulum, with possible subchondral cysts outside the area of hyperpressure.
• The third is 'pseudo-coxarthrosis', advancing secondarily to a localised narrowing due to expansion of subchondral cysts.
Respectively, these forms represent 62%, 16% and 14% of cases. The second classification was proposed by gitelis, 9 also in three stages:
• The first stage is a normal appearance without obvious signs of abnormality.
• The second is a change with lytic lesions but no joint space narrowing.
• The third includes the joint space narrowing associated with lytic lesions.
In Della Valle's article, 6 we respectively find a proportion of 2% in the first 47% in the second, and 51% in the third group. Rarely, destructive forms leading to complete osteo-articular destruction within a few months can occur.
CT scanning is an additional examination
Allowing clarification of the extension of bone subchondral cysts, 6, 7, 17 and visualisation of the small erosions not visible on the radiograph images such as those at the femoral neck 18 (Fig. 3) . However, CT remains less efficient in evaluating the synovium and the surrounding soft tissues.
A major advantage of CT is the possibility of a CTguided synovial puncture biopsy in order to definitively establish the diagnosis.
MRI has become the preferred examination 8
It was useful for diagnosis in 83% of the cases in Ottaviani's series, including 122 cases of PVNS. 19 MRI has advantages: by clarifying the location of the lesions, it facilitates both the diagnosis and pre-treatment assessment. MRI is also the most precise method of post-treatment imaging in the early and late aftermath to assess the effectiveness of the treatment and follow any recurrence. 18, 20 It also allows the visualisation of any post-surgical aseptic necrosis. The MRI should include T1-weighted sequences with and without gadolinium injections, and T2-weighted sequences.
Intra-articular effusion
Intra-articular effusion is very common but not specific of PVNS, giving increased signal intensity on T2 sequences.
Thickening of the hip synovium
The thickening is diffuse and accompanied by bone invasion (Fig. 4) . The synovium appears as a hyposignal on the T1-weighted sequence and is enhanced after gadolinium injection. On the T2-weighted sequence, it is heterogeneous either with areas showing no signal, an intermediate signal or a hypersignal indicating inflammatory lesions.
Specific lesions of PVNS
Lesions found through haemosiderin deposits in tissues and are virtually pathognomonic of the PVNS 8, 20 ,21 by a hyposignal on T1, persistent on T2 unlike the fatty areas which appear by a hypersignal. After a gadolinium injection, fibrosis and haemosiderin deposit areas remain as hyposignals. The signal enhancement after the gadolinium injection indicates the highly vascular nature of the lesions. 7 MRI can also identify a possible extension of the synovial process in to soft-tissues. 7 
Treatment
We will report the various treatment options based on the large series available in the literature: Della Valle, 6 Flipo 7 and Vastel. 8 It is currently agreed that PVNS treatment must be surgical. However, in the specific context of hip PVNS, the surgical approach remains poorly defined. There is no widely agreed upon therapeutic strategy. 8 To the extent that it is possible (given the level of destruction), jointpreserving surgery is preferred for younger patients. The goal of treatment is a synovectomy of the diseased synovium, as completely as possible, to prevent the destruction and loss of function of the hip joint.
We must keep in mind that a total synovectomy is a solution providing better results than a partial one. Flipo's series illustrated that partial synovectomy led to more failures (five failures out of eight cases), compared to total synovectomy (two failures out of 12 with synovectomy alone). Della Valle reported similar results. 6 Total synovectomy is performed in non-arthritic cases. However, some authors have also opted for such treatment in cases with pre-existing degenerative signs in young patients, as described by Vastel. 8 No recurrence was histologically proven in his two patients.
Synovectomy can be performed either by arthroscopy or open surgery.
Arthroscopy plays only a small role in the treatment of the hip, as localised forms of PVNS are rare. The literature does not recommend arthroscopy in diffuse forms 7 because it does not permit the exploration of the entire synovium in order to achieve a total synovectomy. yet arthroscopy may be a useful alternative for diagnostic biopsy. 7 Open surgery is still the best way to optimise total synovectomy (Fig. 5) . Only surgical hip dislocation can expose all synovial recesses, including in the acetabular depths. 9, 17 Moreover, only open surgery allows curettage of the juxta-articular subchondral cysts also containing pathological synovial tissue.
The transplantation of these subchondral cysts with homologous or autologous cancellous bone improves the local mechanical conditions and reduces the risk of recurrence of bone invasion by PVNS.
The exposure of the hip joint by surgical dislocation can be achieved by several approaches, anterior or posterior. undoubtedly the surgical dislocation according to the technique described by ganz, 22 using an approach described as 'trochanterotomy digastric' or 'trochanteric flip' which allows the best exposure of the entire joint, femoral head, neck and depths of the acetabular cup, while preserving the vascularisation of the femoral head.
ganz published his experience with this technique in 213 patients, some of whom had PVNS, without aseptic necrosis of the femoral head. The absence of necrosis was confirmed on 23 hips treated with this technique, including one for PVNS by Sung Jin Shin. 23 The main risks identified by ganz 22 in these 213 cases included neuroapraxia (two cases, 1%), a loosening of the trochanter (three cases, 1.5%) and some heterotopic ossification (79 cases, 37%, including 68 cases of class 1 according to Brooker).
Other conventional approaches allow exposure to the hip synovium. These are the anterior Smith-Peterson and the posterior Kocher-Langenbeck approaches. With the anterior Smith-Peterson the bottom of the acetabulum is hardly accessible because it is hidden by the femoral head and the posterior surface of the femoral neck is almost inaccessible. With the Kocher approach, the risk of injuring the sciatic nerve is important as well as the risk of avascular necrosis of the head.
In Flipo's series, 7 there was a single osteonecrosis of the femoral head which occurred nine months after a partial synovectomy with curettage and osmic acid synoviorthesis. The approach is not specified in this review.
In Della Valle's series, 6 six patients benefitted from a dislocated hip for their synovectomy without aseptic necrosis of the femoral head complications after a threeyear follow-up. In his experience, 6 the surgical approach should be dictated by pre-operative imaging.
In Vastel's series, 8 the surgical procedure was performed via a lateral approach by trochanteric osteotomy with anterior dislocation following ganz's technique, without preservation of the distal muscle attachment (digastric) over the greater trochanter. The osteotomy was modified for cases of synovectomy alone to preserve the deep fibres of the gluteus medius and piriformis and to protect the medial circumflex artery. No patient in this series had osteonecrosis of the femoral head following the transtrochanteric approach.
Regarding the type of bone substitute used for the filling of the juxta-articular cysts, the published series do not specify which type of graft was used. We know that in Flipo's series, total synovectomy was associated on nine occasions with curettage and filling of bone lesions, but the nature of graft used is not specified. Therefore it's difficult to assess the effectiveness of the different methods available.
Total hip arthroplasty
Total hip arthroplasty (THA) is the primary solution for confirmed osteoarthritis when conservative surgical treatment has failed. Even if radical synovectomy seems to be effective to prevent recurrence, according to Vastel it does not delay the development of secondary osteoarthritis, 8 requiring a THA procedure.
The choice of a primary treatment by a THA must obviously be retained in cases with significant joint destruction. This solution gives excellent results, as shown in Flipo's series 7 of 13 cases with a mean follow-up of three years, and four cases in Vastel's series 8 with a follow-up of 16.7 years. The only failure listed after THA is found in Della Valle's series 6 among 24 patients who underwent synovectomy and arthroplasty. In very young patients, primary arthroplasty must however remain a secondbest option reserved for advanced affections with loss of joint space or bone fragility associated with the destruction of the femoral neck or the acetabulum.
An interesting observation is to correlate the therapeutic choice with the radiological grading system by gitelis as in Della Valle's series. Thus we note that THA was selected for seven patients from the second group, and 17 patients from the third, while synovectomy was performed in one patient from the first, 17 from the second and eight from the third group. We retain that the further advanced the radiologic stage, the greater the indication for primary THA.
In Della Valle's series, with a mean follow-up of 3.6 years, ten patients had a recurrence (19%; 10 of 52), nine in the synovectomy group (35%; 9 of 26; five patients from radiographic group 2 and 4 patients from group 3) and one in the joint replacement group (4%; 1 of 24).
Thus, the recurrence rate is 28% in both the first and second group with synovectomy (five of 18) and 50% in the third group (four cases of eight).
Total hip arthroplasty (THA), as first-line treatment in the case of major osteo-articular destruction 6 provided good results, as reported in yoo's 2010 series. 24 He followed eight patients with a mean age of 34.8 years (range 20-68 years) with hip PVNS, who underwent a cementless THA associated with a synovectomy. The mean follow-up was 8.9 years (range 4.3-13.5 years). The Harris hip score improved from 49.3 to 96.6 points, and all patients were able to resume regular activities of daily life. No patient presented with recurrences of PVNS. The option of THA in a young patient must obviously remain a second choice, despite the good results of yoo's series. 24 
Radiotherapy
Radiotherapy alone is not effective, as demonstrated by the case illustrated in Flipo's series, 7 where those who received only radiotherapy ended in treatment failure. In addition, it puts the patients at risk of osteonecrosis and fractures, 25 secondary to a weakened femoral neck. There is no study assessing with radiotherapy alone, or combined with a hip surgery permits definitive conclusions, but studies on other joints show that it can be a complement to surgery. 25, 26 
Other treatments
The osmic acid or isotopic synoviorthesis alone described in Flipo's series, had bad results in 14 cases.
Chemical synovectomy with osmic acid was given for the first time in 1951 by Von Reis and Swensson, according to Menkès, 27 in the treatment of rheumatoid arthritis. It gave disappointing results in creating irreversible cartilage damage, as showed by guaydier-Souquières et al, 28 and later Menkès. 27 Currently this technique is not recommended.
Arthroplasty with interposition of a cup with synovectomy shows a 50% rate of failure in the Flipo, and Vastel, series. 8 A cephalic arthroplasty was performed following a femoral neck fracture in one patient in De Vastel's series, but this case has a limited follow-up, allowing no judgement. Arthrodesis remains the ultimate and rare solution. It probably results in less recurrence because of the destruction of the joint space, but definitely complicates the functional prognosis.
Treatment in cases of recurrence or osteoarthritis
The choice of treatment in cases of failure, avascular necrosis, femoral neck fracture or osteoarthritis is preferentially THA, as shown in Flipo's series with nine THAs versus two total synovectomies. The reasons for failure are a proven recurrence in five cases, strongly suspected recurrences in two other cases and one case of an osteonecrosis of the femoral head after a partial synovectomy combined with curettage and an osmic acid synoviorthesis.
In Della Valle's article, 6 the treatment of recurrence was required in only six cases out of ten, with four THA and two arthrodesis as the therapeutic options.
In Vastel's article, 8 nine of the 16 patients required revision surgery. Only one case suffered a recurrent synovitis detected during an anatomo-pathology examination 14 years after the synovectomy and cup arthroplasty treatment. Secondary osteoarthritis developed in eight patients treated only with synovectomy, and four of them required a total hip arthroplasty during the follow-up period.
Conclusions
Publications concerning the management of PVNS are still scarce because of the low incidence of this disease.
In the absence of arthritic signs, complete synovectomy appears to be effective in preventing recurrence, but seems less able to prevent the development of secondary osteoarthritis.
The challenge for clinicians is to recognise PVNS as the possible aetiology of mechanical hip pain, especially in young people. In young patients, who are the most frequent targets of this affection, an early and wellconducted total synovectomy is highly recommended, allowing in most cases a resolution of the pathology. A late diagnosis with disease management at an advanced stage worsens the prognosis of conservative surgical approach to the hip joint, and is a potential indication for primary total hip arthroplasty.
